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Analyze XRR using commercially available Genetic Algorithm refinement - - . . . . . . . .
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MBE epitaxial deposition of AlAs/GaAs produces high quality, nly inds a best 1Ht, So It cannot provide detarled information about uncertainties GaAs thickness misalignment calibration GaAs thickness calibration linearity GaAs density misalignment calibration GaAs density calibration linearity
stoichometric, multilayer with smooth interfaces and low inter-diffusion. : .
Available from most commercial instrument vendors and also open source — : . — X : . : . X —. . _ . ) )
High linearity for shifts in thickness from +/- 0.02 inq Both GaAs layers have a slope correction of ~3 nm/ (for this data set) High linearity for shifts in density from +/- 0.015 inq GaAs layers have both high linearity and stability in density correction factors
Nominal Reference values Only is linear for buried interfaces GaAs Structure |Reference |Intercept |Slope R2 Only works for buried interfaces GaAs Structure | Bulk Intercept | Slope R2
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e
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1t layer (GaAs) - 9.24 Shifts of +/- 0.025 are sufficient to cover alignment range (~ 7 g shifts is sufficient) goas) ' : | GaAs X | GaAs 9.27 9.272 -2.845x 0.9956 r s | GaAs X | GaAs 5.316 5.455 47.244x 0.9997
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Thickness increases linearly with sample tilt for buried layers in a multilayer stack
NIST-NMIJ MCMC RM thickness stability study (5yrs) Density decreases linearly with sample tilt for buried layers in a multilayer stack AlAs thickness misalignment calibration AlAs thickness calibration linearity AlAs density misalignment calibration AlAs density calibration linearity
Certified thickness or density define the aligned condition for an instrument High linearity for shifts in thickness from +/- 0.02 in q All AlAs layers have a slope correction of ~5 nm/ (for this data set) High linearity for shifts in density from +/- 0.015 in g AlAs layers have a large range of slope correction factors
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X GaAs 9.27 9.131t09.40 9.307 9.01t09.45 3 | TTTTTTmmoooomoooes g--t--------
GaAs GaAs 9.27 9.272 -2.845x 0.9956 g \s : v | GaAs GaAs 5.316 5.455 47.244x 0.9997
AlAs 9.43 9.3310 9.63 9.464 | 9.24t09.69 o g YR taversNBD)
y Misalignment Geometry AlAs 9.43 9.469 -4.990x 0.999 s * X + + Layer5 (commercial) AlAs 3.81 3.680 38.052x 0.9995
AlAs y . . . . $ % v v Layer 5 (com. wide) AlAs y
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Conclusions (from 2011 NIST/NMIJ study) : : : — — — —
Both AlAs and GaAs buried layer thickness provide both direction of misalignment and good linearity for calibration BothAlAsiand GaAs buried layeriaensity pravide bothidirectionionmisalignmentiandigood linearityiorcalibration
i ] li Thickness variation Density variation i i ibration i ial qi ineari
The buried (Layers 3-7) show stability over many years e [> ety e gyes lareails e @il awer s I s @ coneeruelse oi tringe fhes cﬁ)ﬂzﬂjsi@ﬁsy T E> 1Ly Careful selection of the layer used for density calibration is essential given the narrower range for linearity
Uncertainty analysis showed expanded uncertainties of < 0.3 nm for Layers 3-7. effect results if layers fAswapo inside the model |(which can sometimes happen Vi nl mydnkibpk @anges (- L0 tifads highr than thickness) show the significant impact that slight misalignment has on
density determination using XRR
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